Difunctional Pluronic copolymer micelles for paclitaxel delivery: synergistic effect of folate-mediated targeting and Pluronic-mediated overcoming multidrug resistance in tumor cell lines.
A significant obstacle for successful chemotherapy with paclitaxel (PTX) is multidrug resistance (MDR) in tumor cells. Micelles and mixed micelles were prepared from Pluronic block copolymer P105 or L101 as PTX delivery systems for overcoming MDR. Both micelle systems were covalently modified with the targeting agent folic acid to recognize and bind a variety of tumor cells via their surface-overexpressed folate receptor. There was an increased level of uptake of folate-conjugated micellar PTX (i.e. FOL-P105/PTX, FOL-PL/PTX) compared to plain micellar PTX (i.e. P105/PTX, PL/PTX) in human breast cancer MDR cell sublines, MCF-7/ADR, and the uptake of folate-conjugated micellar PTX could be inhibited by free folic acid, which suggested that the level of uptake could be mediated by the folate receptor. The cytotoxicity of folate-conjugated micellar PTX in the MDR cell culture model was much higher compared with plain micellar PTX or free PTX, and the plain micellar PTX also has higher cytotoxicity than free PTX. Overall, the MDR cells are more susceptible to the cytotoxic effects of Pluronic micellar PTX than their parental cells. The introduction of folic acid into P105 or PL mixed micelles enhanced the cell-killing effect by active internalization. Increased internalization explained the improved cytotoxicity of the FOL-micellar PTX to tumor cells. We suggest that the combined mechanisms of folate-mediated active internalization and Pluronic-mediated overcoming MDR be beneficial in treatment of MDR solid tumors by targeting delivery of micellar PTX into the tumor cells where folate receptor is frequently overexpressed, reducing accumulation of micellar PTX in other tissues or organs and further reducing side effects and toxicities of the drug.